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A

STUDY OF INDUSTRIAL ARTS TEACHING PROBLEMS
AND COURSE CONTENT
CHAPTER

I

THE PURPOSE AND IMPORTANCE OF THE STUDY
I.

INTRODUCTION TO THE STUDY

The 1966 study conducted by the United States Office
of Education into the programs, teachers, students and
curriculum of Industrial Arts Education concluded in part
that "The current industrial arts curriculum does not even
measure up to the program recommended by the profession 10
to 20 years ago" (30-30).
is also clearly stated:

The main problem or shortcoming
"The current industrial arts

instructional content within the courses themselves is not
as broad as the professionals in the field recommend" (30-30).
It is not surprising that this state of conditions
was found.

A

many-faceted and great informational gulf

exists between what the professionals recommend and what a
teacher can or has time to accomplish in the classroom.
The teacher is the one who has to take up this slack with
minimal preparation.

His college studies in his field of

industrial arts consist of 45 to 60 quarter hours of
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instruction and practice.

This time is spread over pro-

fessional and industrial-related subjects and subjects in
industrial materials and practices.

This is a great deal

to cover to endow a teacher with enough skill and knowledge
to match the scholastic demands of a teaching position.

Of

course his training continues with time in the teaching
responsibility.

However, the management of an industrial

arts shop and management of teaching matters also place
heavy demands on his time.

In the light of what has been

discussed regarding a teacher's preparation and the demands
on his time, it is significant that Schmitt found the following to be chronic problems most frequently encountered by
teachers:
1.
2.
3.
4.
5.
6.
7.

Keeping up with advances in technology
Arranging and conducting field trips
Finding adequate preparation time for experiments
and demonstrations
Finding time to help individual students
Providing career guidance materials in industry
Providing for the slow learner
Acquiring and teaching modern concepts of industry
(30-29).

These problems can be summarized as deficiencies in two
areas:

(1) lack of factual knowledge, information, or

understanding of industry and the advances in industry;
(2) insufficient time to do everything for which there is a
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demand in teaching.

Therefore, it becomes more understand-

able why "industrial arts curriculum does not even measure
up to the program recommended by the profession 10 or 20
years ago."

II.

THE PURPOSE OF THE STUDY

It is the purpose of this study (1) to investigate
industrial arts programs in the Greater Seattle area to
discover existing conditions and course content, (2) to
research selected national curriculum projects for specific
course content which each holds important, and (3) to present conditions which can improve industrial arts and
assemble course content for selected subjects in industrial
arts.

This study is concerned with work toward solution of

two of the seven problems cited by Schmitt:
with advances in technology" and "7.

"l.

Keeping up

Acquiring and teaching

modern concepts of industry."

III.

IMPORTANCE OF THE STUDY

As in the past, social and technical changes brought
change in point of emphasis in industry and trade education,
so manual training grew into industrial arts.

The forces
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for expansion and development in industrial arts have
mounted in proportions not previously experienced.

The sti-

mulus for change is being brought on by growth in technology
(2:24).

Also developing is an awareness of the need for a

broader interpretation and understanding of the industrial
base of our society.

The task of organizing the teaching

of industry commensurate with the envisioned needs is a vast
undertaking.

It encompasses a total view of the industrial

processes and activities as well as skill practice.

Many

task forces under a variety of sponsorships have formed and
are making worthy attempts at solving the problems and proposing meritorious plans.

In most cases the proposals and

plans are being implemented through planning, preparation,
testing and evaluation.

In several cases the plans or pro-

jects are being tried in pilot programs.

Some feel these

"new industrial arts" projects are too idealistic and will
not succeed unless in ideal conditions.

Therefore they will

never be accepted wholly or achieve eminence as national
programs for teaching industry (25:10).

The proponents of

the new programs acknowledge that their work is not complete
but that much additional planning and evaluation are needed.
But this is not something which has not always been true of
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industrial arts.

Change and improvement has or should be

constantly ongoing to keep up with change in industry and
technology (2:8).

The new programs are making a significant

contribution to this process.

Many of the plans and ideas

are being assimilated into individual teachers' programs and
also into regional and state programs.
not enough.

However, this is

Much work is still needed to narrow the gap

between what is being taught and conducted in industrial
arts and the improvements which need to occur.
Intermediate steps will need to be taken on every
level to accomplish two things:

(1) to make every effort

to catch up with the need "now" for more and better industrial arts programs, and (2) to assimilate the curriculum
developments as they evolve and become more refined.
The need to provide greater breadth in the industrial
arts offering is not unique to the present but has been
recognized and explored by leaders in the field for years.
Yet in the study by Schmitt it was reported that during the
year covered by the study:
• • • 14.8 percent of the industrial arts teachers
made major revisions in their courses to include
new instructional areas, 9.4 percent introduced new
courses for upper ability students and 8.1 percent
related their programs more closely with science
instruction (30:17).
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It is likely these percentages would be higher if teachers
did not have reason to feel burdened in dealing with the
seven most connnon difficult problems in teaching industrial
arts.

These seven problems were also reported by Schmitt

and cited in full on page 2 above.
The importance of this study will not be to propose
or plan some original curriculum but to organize existing
new course material into assimilable order.

The intention

will be to find and organize content and improvements needed
to fulfill the expanding role of industrial arts in education.
IV.

LIMITATIONS OF THE STUDY

Although current thinking regarding the development
and improvement of industrial arts is to expand the course
and subject offering, this study will concentrate on and
limit itself to a recommendation given by Feirer; that is,
taking the first step toward building up the industrial arts
program by modernizing and revitalizing existing courses
first (12:1).
In the national study of industrial arts concluded
by Schmitt, it was found that 76 course titles were being
offered.

Many of them had similar content and were therefore
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grouped into sixteen classifications.

Those specific subject

areas which recorded the highest number of classes were
woodworking, drafting and metalworking in that order (30-22).
Therefore this study will be limited to those subjects.

The

intent of the study was to find and organize material to be
presented on the secondary level.

Rather, it would be

better to have no limitation in this respect in the hope
that any teacher who could improve or expand his instruction
with the results of this study might do so.

The statement

by Seckendorf is good concluding advice for use and limitations
of the study.
Once the content for a program of industrial arts
is clearly identified and agreed upon, it can be
arranged in a variety of ways to meet individual and
school needs as well as be cut into usable pieces by
grade level and by course (31:100).

V.

ORGANIZATION OF REMAINDER OF THESIS

Chapter II contains a consensus of the changes in
industrial arts which has been gathered from current literature.

The changes generally considered are those in thinking,

goals, philosophy and objectives.

They are deliberated in

relation with where industrial arts now appears to be going
and what contribution it might be expected to make to educa-
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tion--now and in the future.
Chapter III reports the procedure of the study and
the general findings of conditions discovered among industrial arts programs with recommendations for improving the
programs.
Chapter IV contains the findings, results and conclusions of the study organized into subjects and according
to specific material offered in each subject.

CHAPTER II
REVIEW OF THE LITERATURE
Much is being said and written about a "revolution"
occurring in industrial arts.

Certainly some dramatic

changes are taking place; some can be described as giant
efforts which are in both the process and planning stages.
When what is actually happening is investigated the word
"revolutionary" is an overstatement.
Industrial arts has for years held an important,
valid position in professional educational journals.

How-

ever, it has been thought of by many as holding a position
of lesser importance and as being decidedly secondary to
academic subjects.

Industrial arts has in the past subscribed

to worthy goals and objectives and then too often failed or
fallen short of achieving those goals.

The reasons would

unquestionably be found to be very complex.

Some of the

reasons for the failure of industrial arts to achieve its
goals are lack of capital and man power to develop instructional programs and instructional aids and systems.
are funds to provide needed equipment and tools.

Others

Usually it

is found that current physical facilities will not support or
facilitate an expanded program of industrial arts (10-32).
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It must not be overlooked that the personnel in industrial
arts are partly responsible for not achieving their goals
because a unified effort has never been agreed upon or supported (24:13).

Just how a subject will be taught in the

classroom is a very individual matter, as it should be.
However, this review will investigate those topics which
have been suggested and which hopefully will assist the individual teacher to obtain the concept of a master plan for
industrial arts.

In order to avoid perpetuating individual

opinions in matters of goals, objectives and proposals, only
those advocated by national organizations representing the
interests of industrial arts will be summarized.

I.

CHANGING EDUCATIONAL EMPHASIS OF INDUSTRIAL ARTS
The changes taking place, rather than being entirely

new, are more a de-emphasis of some aspects of industrial
arts and an emphasis on planning, preparation and development of other aspects more closely attuned to man's needs.
Teaching tools, processes, products and projects are being
strongly criticized but are not being eliminated or rejected.
The biggest and most important task and responsibility of industrial arts is to teach people--all people, boys and girls;
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slow and gifted students; terminal, vocational and profession-bound students--all about industry and technology, the
intereffects between the two, and together, their contribution to society (25:10).

It is also being recognized that

each person has his own talents and abilities which he will
eventually contribute to society.

Industrial arts has the

responsibility to help him discover and develop those talents.
It will also help him to acquire additional knowledge, practice, or skill which will enhance them (15:8).

This neces-

sitates the expansion of the interpretation of industry from
the few subjects or trades of the past to families of industries and the broad spectrum of industrial activities and
occupations.
are:

A few of these new subjects which are proposed

management, marketing, finance, purchasing, manufac-

turing, taxes and labor (34:15).
The reason for the change is very simple and to the
point.

Times have changed.

industrial society.

We are in and part of an

Even though we work, our contribution

may be only a very small part of the process or product of
the industry.

Most people are no longer engaged in the

custom manufacture of products or simply producing for personal needs.

Therefore, what is needed today is a study of
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industry more in its entirety.

This includes an introduc-

tion to the skills which will enable a person to be part of
and make a contribution to the industrial society {10:1).
II.

OBJECTIVES AND GOALS OF INDUSTRIAL ARTS

Industrial arts is taught on all levels of public
education.

On the elementary grade level it is not widely

or thoroughly developed.

However, in the grades 7-12 a

national average of 75 percent of the schools include industrial arts instruction.

Smaller schools are most likely not

to have any program, while nearly all schools with over 750
enrollment have industrial arts (30:6).
The objective of industrial arts on the junior high
level is to give students an opportunity to learn about themselves and their talents in our industrial society.

It is

an exploratory experience to learn of the basic principles
of industry and technology and their influence on and contribution to the life and culture of the student.

Industrial

arts is also occupational orientation and an opportunity to
plan and practice work skills with hand and machine tools (2:13).
Industrial arts on the secondary level is much more
complex.
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. . . it interprets the functions, technology and
occupational opportunities of our modern industrial
society. It provides the student with the opportunity to study about industry, materials, fabrication
procedures, methods of communication, energy and
propulsion, . . . and personal services as they relate
to the industrial and consumer use of finished products. Students see and experience the unity or
wholeness of modern industry (2:13).
The good industrial arts program should contain
sufficient material and course offering to provide breadth
and depth and therefore be able to supply the needs of three
types of students:

Those whose education will terminate

after high school and/or who are undecided or uncommitted
to vocational plans, might best be served by studies of families of industries and general aspects of American industry.
For those who have made an occupational choice and plan to
obtain vocational or technical training beyond high school,
in-depth studies in specific subjects and families of related
industries should be offered.

Then those intending to attend

college should be offered courses in pre-engineering or
applied science subjects (20:28; 2:13-14).

The stated goals

of industrial arts which give direction to achieving the
desired ends have over the years gone through several periods
of being edited.

In 1968 both the American Vocational Asso-

ciation and Industrial Arts and Vocational Education gave a
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much synthesized statement of goals for industrial arts.

The

following is a combination of the goals set forth by these
two organizations:
1.
2.
3.
4.
5.
6.

Develop an insight and understanding of industry
and its place in our culture
Discover and develop talents, aptitudes, interests
and potentialities of individuals for the technical pursuits and applied sciences
Develop desirable, positive, productive attitudes
and work habits
Develop an understanding of industrial processes
and the practical application of scientific
principles
Develop basic skills in the proper use of common
industrial tools, machines and processes
Develop problem-conception and problem-solving
and creative abilities involving the materials,
processes and products of industry (20:27;
2:9-11).

III.

IMPLEMENTING CURRICULUM CHANGE
IN INDUSTRIAL ARTS

It is interesting that all of the curriculum projects
are having an impact, as there is a strong correlation between what the projects are proposing and what teachers are
reporting and writing about their curricula in professional
journals and magazines.
At the present time there are an untabulated number
of curriculum development projects and proposals in process.
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For some of these, details of the material being developed
are available and easy to obtain.

It is unfortunate that

complete information on each one is not available, as each
has a contribution to make.

To present a synopsis of each

would exceed the purposes of this study.

However, some

receiving the most attention are:
Industrial Arts Curriculum Project
Ohio State University
Enterprise, Man and Technology
Southern Illinois University
Industrial Arts Technology
State of Maine Department of Education
Research and Development Anthropological Approach
University of Maryland
The Galaxy Program
Wayne State University
Industrial Materials
San Jose State
American Industry Project
Stout State University
When it is remembered that all of these projects have the
same elements to work with--people, society, industry,
technology--it is understandable that the actual instructional content of many of the programs is much the same.
Each one approaches the task and problems from a little
different view, but each is developing instructional material
and preparing the ideas and aids necessary to teach its program.

One ambitious program is being developed by Stout
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State University--American Industry Project.

The literature

available upon request concerning this project suggests
a sharp break from traditional industrial arts, as the planning is very thorough and extensive.

This project has not

been completed but is already having a strong influence on
the industrial arts curriculum.
IV.

CONCLUSION TO THE REVIEW
OF THE LITERATURE

"Change" is possibly the most dominant word in industrial arts at present.

The fact that change has taken place

in society, industry and technology is no surprise.

However,

course content and course offerings in industrial arts are
too narrow.

They need to be changed and to be expanded.

People are the most important part of an industrial arts
program.

These people have many talents which need to be

developed in respect to industry and technology.

Therefore

industrial arts will emerge as a broad study of industry
and its relations to technology and society.

CHAPTER

III

REPORT OF THE STUDY
The method for conducting this study was through
personal contact and interview.

This was chosen in order

to eliminate any possible objections teachers might have to
spending time filling out an impersonal questionnaire.

The

visit was also used in order to make possible the discovery
of conditions or opinions which would not be detected by a
questionnaire.

Lastly, the personal visit was used so that

the investigator could meet industrial arts teachers in
their familiar surroundings and see exactly their circumstances and what they were doing.
In all, seven school districts in the Seattle area
were visited, as well as twelve secondary schools in those
districts.

Each of the twenty-six teachers contacted was

as generous with his time as his responsibilities would
allow.

Some of the interviews were short, while others

were quite lengthy and extensive, but each one was very much
appreciated.
Industrial Arts Consultants for three of the school
districts gave generously of their time in discussing and
explaining their work and objectives.

The opportunity to
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meet and talk briefly with a few school and district administrators also presented itself.

Every opportunity to talk with

students was taken and proved to be most worth while.
discussions with students were outstanding.

Several

The courtesy,

confidence, and degree of understanding of what they had been
taught indicated the fine job their teachers had done.

I.

INDUSTRIAL ARTS IN METROPOLITAN SEATTLE

Industrial arts as it is taught in the metropolitan
area of Seattle exists in a wide range of degrees of esteem,
development and organization.

Although like subjects have

similar tools and equipment in common, it would appear that
there are as many courses in or methods of teaching industrial
arts as there are industrial arts teachers.

It may be further

stated that the success of a program is very dependent on the
individual teacher, his preparation, personality, character,
enthusiasm, and dedication to his subject and profession.
This tends to make similarities between even the best programs a little obscure and in the extreme cases the contrast
is sharp.

Still, some patterns of classroom and course

organization and management achieve better results in
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increased student activity and satisfaction to the teacher.
Some of these practices also appear as part of "Project
Occupational Versatility" which is an instructional methods
program for the junior high school being developed and sponsored by The Metropolitan Area Industrial Arts Consultants.
II.

COURSE PLAN, GOALS, AND OBJECTIVES

When teachers were questioned as to the goals and
objectives they held in their work, the answers were often
a surprise.

Some very atypical answers were "Goals. - No,

I don't have any" or "Goals?! - A typical teacher education
question."

Most teachers did have goals, but surprisingly

few held the same ones or ones which were even similarly stated.
As further interviews were conducted, it became evident that
there were some things possibly more important about the goals
teachers have than a list of the goals themselves.

Those

who had seriously formulated goals and objectives had had at
the same time pared them down to one word or a short emphatic
statement.

Usually they were very short.

Those teachers

who could state their objectives quickly and clearly also
expressed far fewer classroom problems but rather, satisfaction in their own and their students' work.

If teachers
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had to think to formulate in order to state their goals,
if they did not have any, or if they had goals which their
lack of conviction revealed they did not believe in, these
teachers also spoke of teaching problems they were having
and dissatisfaction with their work.
lems were:

Some of these prob-

lack of sufficient student enrollment to sustain

a program; difficulty in getting students to think and work;
teaching andErogram plans which had always been, and might
always continue to be anticipated but not realized.
Exactly what goals and objectives a teacher subscribes to was an individual matter.

However, the crux of

the matter seems to be well stated by one teacher when he
said, "Let the students know you are going to teach them
something and they will shape up."
IV.

THE TEACHING OF PLANNING

The most significant endeavor which has increased
learning and productivity for teachers is a strong emphasis
on planning.

It is being presented in many ways, but two

examples will help to illustrate.

In one program a one-

semester course is required in "Design and Drafting" before
other classes can be taken.

It is a very brief explanatory
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course, and one of the assignments is to design and plan
something the student wants.

The results have been a sharp

increase in student activity in succeeding industrial arts
classes and in the size and complexity of projects completed.
In another case a teacher has an extensive presentation of
sketching, drawing and planning work.

The idea is that "any

student can make anything he can plan and design."

The mean-

ing is that if he cannot mentally build it and put it on paper,
he will not be able to construct it.

This teacher also stated

that his students are now getting more done in three weeks
than they used to in a semester.

And activity of every

student in this shop was observed to be intense.

V.

STUDENT INVOLVEMENT

Teachers express a greater satisfaction about achieving their goals and report greater student activity and fewer
teaching problems in programs which are designed to achieve
total student involvement.

The teacher assumes the role of

director-instigator of shop activities and teacher where he
is most needed.

The responsibility of the shop activities

and management and of teaching each other is placed on the
students as much as possible.

Those who are using this
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approach to teaching feel that if a class is teacher-centered,
there are more things than he can do and the class bogs down
and students lose interest.

Therefore a teaching program

which involves students as totally and completely as possible
is much more active and less difficult to teach.

This is

not an approach allowing any student to do anything he wants
but a very firm teacher-planned, guided and controlled
method of using every minute of every student's time in shop
activity.

VI.

PHYSICAL FACILITIES FOR INDUSTRIAL ARTS

There are quite a number of different designs and
arrangements of industrial arts buildings and facilities.
Some assist in teaching, while other things definitely are a
hindrance or handicap.

All teachers expressed a need or a

desire for additional equipment or space.

Just how much would

be needed to be enough in terms of the optimum facility might
be difficult to determine from the desires and likes teachers
express.

One teacher finds one arrangement complements his

program, while another teacher would prefer something a little
or maybe a lot different.

Aside from these things, in the

process of this study several real problems regarding physical
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facilities were observed.

They were seriously interfering

with the industrial arts programs where they did exist.
It was found that all schools visited had buildings
or space specifically designed for industrial arts.

Only

a very few shops or buildings were short of machines or
equipment considered to be minimal to teach a subject area.
However, in most cases either inadequate or very nearly no
facilities were or had been provided for managing, storing
and handling tools, equipment and supplies.

This category

includes cabinets, shelves, drawers, special stands, racks,
containers, boxes, bins and numerous devices needed for the
facile operation of a program.
The mistaken but common practice for constructing
these facilities needed to put the shop in serviceable order
is to leave it to the teacher to do along with his teaching
duties.

Some teachers were able to overcome this difficulty,

but most had not done so completely.
a degree with some disorder.

Many were struggling to

Industrial arts teachers have

added responsibilities and duties by the very fact that they
have equipment to maintain and materials to handle.

Any time

over that needed to manage a shop physically removes that
same amount of time from teaching activities.

The result is
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an industrial arts program which is reduced in effectiveness
and content.

The shop cannot function as effectively as it

should to sustain class activity, because sufficient facilities for managing a shop and handling the equipment do not
exist.

In these circumstances teachers expressed some disil-

lusionment with their work, with their effectiveness as
teachers and with having to cope with added physical problems
due to lack of facilities.
Another problem was regarding the amount of space
available.

Little objection was expressed regarding the

size of the shop work area.
generous.

In some cases it was very

But nearly every teacher needed larger and better

student-project storage area and facilities, larger storage
area for materials, and separate out-of-the-way storage
area for tools and equipment which are not always needed
but necessary to have at hand.

The inconvenience of the lack

of this space is a significant distraction from a program.
An aggravation of the above problem, and therefore
perhaps a problem in its own right, is when two or more
different subjects are taught at alternate times in the
same shop.

This becomes a problem when the shop has been

designed originally to accommodate one subject.

With two or
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more subjects, it works out so that equipment, tools, and
projects of one class seem always to be in the way of another
class.

Even where the subjects might be compatible or comple-

mentary, the problems of containing and managing more than one
class in an area designed for one class can be chaotic.

It is

hoped that teachers will inform planners and administrators
of the dangers of poor building design and scheduling.
The problems found can be summarized as being a shortage of support facilities--things hard to anticipate until
the teacher actually moves into a new building.

It might

be argued that the teacher has a professional responsibility
to plan and provide for these deficiencies.
out that there is never enough time.

It usually works

Organizing and building

support facilities was reported in several cases as being a
job which took years.

It could easily be a full-time job

for a teacher for some considerable time.

To do a good job

of teaching, which is primarily what teachers have been hired
to do without excessive distractions, is also a full-time job.
Many schools have diminished programs where teachers have
more to do than one full-time job, and they are also struggling with the realization that none of the work is being
completed.
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The information in this summary is in no way unique
nor yet obscure, but rather common knowledge.

The facts

are that these conditions are not remote but do exist too
often among many of the industrial arts programs which are
conducted in the Puget Sound area and neighboring schools
and districts.

VII.

JUNIOR AND SENIOR HIGH
PROGRAM COORDINATION

A continuous instructional program coordinated
between junior and senior high schools was found in only
one school district.

Most teachers said they did not know

or that they were not too sure what was being taught on the
other level.

Some high school teachers said that occasion-

ally during the course students would say that in junior high
they had learned the subject being discussed.
Teachers generally were apologetic because coordination between junior and senior high school courses was poor.
However, industrial arts in most districts was required in the
junior high and an elective in the high school.

Therefore,

is some repetition in the two programs necessarily an
undesirable thing?
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VIII.

NEW PROGRAMS

Generally teachers in industrial arts are expecting
and looking forward to changes in the field.

However,

they express strong pessimism, skepticism or disapproval
of the national programs which are being developed.

Yet

some are adopting some ideas of these new programs and including them within their own.
A program different from most is being developed in
the Seattle area with federal funds.

It is being sponsored

and authored by The Metropolitan Area Industrial Arts Consultants and titled "Project Occupational Versatility."
This program is not intended to set or establish standards
of course content.

Rather, it is a program to develop methods

and "teaching strategies" (28:11) for students to learn and
develop skills independently.

Some other objectives held

for this project are to develop methods to attain behavioral
and attitudinal changes in students.

Emphasis will be on the

"role" rather than the goal of industrial arts students.
IV.

CONCLUSION

In industrial arts, similar subjects have most of
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the same tools and equipment in common; but beyond this,
similarities between programs decrease.

What actually is

accomplished in a shop in the way of effective teaching
and learning is dependent on the teacher and the strength
of his personality, character, attitude and enthusiasm.
Generally, teachers are doing and teaching all that they
know or have time to do.

Just what more can be done is

not clear or understood.

Some teachers are very active

trying to improve and develop their programs, while others
are passive.

Change is something nearly every teacher has

an idea about, they are looking forward to it and expecting
it to occur.

Most, however, do not have confidence that the

national programs being developed are the answer to the needs
of industrial arts.
No one method, approach, or philosophy can be found
in all industrial arts programs.

However, several patterns

of conditions do exist.
Teaching can be effectively improved if a teacher
has clearly thought out and holds goals and objectives
firmly in mind.

The teaching of the planning of work is

reported as being one of the most effective ways of increasing
student productivity.

Another way is to shift as much
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responsibility for learning and doing as possible onto the
student.

This idea is to totally and completely involve the

student and his time in shop activity.
The single biggest problem teachers have and which
are often working against them in their teaching work are
physical facilities.

Each teacher has his own idea as to

what the best arrangement of facilities is.

The problems,

however, are related to incomplete, insufficient, inadequate
or overtaxed facilities.

The solutions are often beyond the

time available and the responsibility of the teacher.
results are programs which are failing to achieve their
potential.

The

CHAPTER

IV

COURSE CONTENT

The curriculum guide of instructional content used
most often in industrial arts is the guide prepared by the
teacher himself.

Another sizeable group of teachers employ

published curriculum guides to help in the course construction process (30:16).

But often these publications are guides

only and provide little specific course content.

This means

that much of what is being taught in industrial arts has
been gathered and assembled by the teacher.
One of the objectives of this study was to search
out specific course content for selected subjects.

It is

hoped that teachers searching for course content will find
the results of this portion of the study helpful; it might
be used by them as a curriculum guide.
The information following in this chapter, then, is
a synthesis of (1) printed materials (2,5,6,11,13,16,17,18,
19,21,28,29,30,32,35,36), (2) interviews with teachers,
(3) interviews with several professionals, (4) this writer's
own experience and information.

Most teachers did not have

a written outline of course content.
were from memory.

Their contributions

In some cases the information was sketchy
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or not complete in every detail, but in others it was as
complete as the courses they taught.

Therefore, the

product of each interview made a contribution to the "course
content" of this chapter.

Other sources for information were

curriculum guides (where available), guides and publications
of content of national curriculum projects, and from articles
containing course content contributed by teachers to journals
and national publications.

In several cases in which ques-

tions and obvious voids did occur, professional persons in
appropriate fields were consulted.

Therefore, the material

presented here is as complete as the limitations of the
available sources allowed.

However, no claim is made that

this is an exhaustive compilation of course content in the
chosen subject areas.

Again, it is precisely a synthesis of

many printed sources, personal conversations and experiences.
I.

WOODWORKING INDUSTRY EDUCATION

Industry is an institution in our society which,
intending to make a monetary profit, applies knowledge and utilizes human and natural resources to
produce goods or services to meet the needs of man
(16:3).
Woodworking Industries
The following enumeration gives a quite comprehensive
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coverage of the woodworking industries:
1.

Forest and lumber products

2.

Millwork and building products

3.

Furniture and wood products

4.

Building construction

5.

Wood patternmaking

Custom Production and Mass Production Industries
The study of custom production and mass production
industries may be broken down to:
1.

Separate, individual operations and craftsmanship

2.

Work creativity, individual satisfaction

3.

Specialized machines and automation

4.

Production flow, individualized work steps

Job Opportunities
Job opportunities, a phase of the course of prime
importance to the student, may be approached from two
angles:
1.

Training and preparation required

2.

How to obtain a job--entry into a field

Safety in Shop a n d ~ Habits
Of no less importance is safety in shop and work

33
habits, the study of which may proceed as follows:
1.

Practice of always being conscious of safety and
doing all things in the safest possible manner

2.

Being conscious of anything about apparel which
might be hazardous

3.

Wearing safety glasses

4.

Learning the correct way to use tools and refraining from using them any other way

5.

Working with and handling equipment and materials
in such ways as always to promote safety

6.

Eliminating excess confusion, disorganization and
needless clutter

Product and Industrial Design~ Manufacturing
The two most important facets of product and industrial design and manufacturing are covered in detail in the
sections below on "Drafting" and "Inception of Industry and
Manufacturing" on pages 47 and 76, respectively.
Graphic Construction and Presentation of Product
Content for graphic construction and presentation of
product may be outlined:
1.

Sketching:
a.

Materials and equipment

b.

Techniques for sketching horizontal, vertical
and diagonal lines
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2.

3.

c.

Techniques for sketching circles, arcs and
ellipses

d.

Sketching in proportion and symmetry

Working drawings:
a.

Product or object presented complete
graphically

b.

All dimensions and necessary information
for construction given

Stock cutting lists:
a.

4.

5.

All wood stock listed with consideration as
to thickness, width and length that
material can be cut to size with maximum
efficiency and minimum time

Bills of materials:
a.

All needed materials listed

b.

Figuring cost of construction

Procedure steps:
a.

Importance of efficiently and effectively
doing work

b.

Organizing processes to follow each other
systematically in order

c.

Importance of decisively completing one
process before going on to the next

d.

Thinking, planning out and recording the
list of procedural steps in order of
performance necessary to produce a
desired product
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Wood
The study of the medium itself, wood, should be made
in detail:
1.

The physical structure of trees

2.

Classification:
deciduous

3.

How lumber is cut--quarter- or plain-sawed, or
sliced

4.

Grading and standard sizes of lumber

5.

System of lumber measurement

6.

The most commercially profitable species

7.

Commercially available and most desirable species
for color, grain pattern and texture--open- and
close-grained

8.

Qualities and properties of strength:
weight and shrinkage

9.

Properties of resistance to decomposition

soft wood--coniferous, hard wood--

hardness,

10.

Warp, wind, check, and structural faults

11.

Moisture content and instability of wood

12.

Qualities for being milled, worked and shaped

13.

Qualities for being glued and finished

14.

Veneer and plywood manufacture and uses

Gluing and Assembly _2! Woodwork
The study of gluing and assembly of woodwork includes
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the following:
1.

Kinds and properties of glue and advantages and
disadvantages of each--polyvinyl, resin, urea
plastic resin, resorcinol resin, epoxy resin,
contact cement, and others

2.

Kinds of clamps--bar, adjustable handscrew, and
"C" clamps, special clamps, clamping jigs,
miter and band clamps

3.

Checking work for correct fit of parts and completion of all necessary work to point of
gluing

4.

Planning layout of clamps, correct adjustment and
clamp pressure

5.

Methods of applying glue

6.

High frequency, glue-drying machines--care and
operation

7.

Special devices for strengthening glue joints

8.

Cleaning up and caring for excessive glue

Abrasives
Four phases cover the use of abrasives adequately:
1.

Kinds of abrasive compounds, advantages of each

2.

Kinds and weight of backing paper

3.

Coarseness of abrasive and how applied on paper

4.

How to choose and use abrasive papers

Fasteners
The study of fasteners is comprised of:
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1.

Kinds, sizes and identification of nails, screws,
staples, bolts, splines, corrugated fasteners,
and brads

2.

Correct procedures and methods for installing

3.

Automatic nailers

Hand Tools in Woodworking
A thorough knowledge of hand tools and their proper
use in woodworking is imperative, and the listing covers
a basic understanding of the subject:
1.

The correct way to use a tool and how to avoid
using it or abusing it in any other way

2.

Using cutting edge tools by moving the cutting
edge away from the operator

3.

Distinguishing when a cutting edge tool is sharp,
how to sharpen it, and always using a sharp tool

4.

Teaching correct use of all cutting edge tools:
chisels, planes, spokeshave, drawknife, carving
knives and tools

5.

Teaching how to use all measurement and layout
tools correctly--squares, rulers, levels,
assorted gauges, dividers, sliding T bevel,
trammel points, compass and awl

6.

Differentiating and selecting the correct saw for
a job and how to use it and care for it

7.

Identifying kinds of bits used in boring holes-the methods, layout and aids used in boring holes
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Hand Power Equipment
For safety and efficiency, hand power equipment must
be completely understood:
1.

General safety habits when using hand power tools

2.

Safety practices specific to each tool

3.

Procedures for preparation for use and care of each
tool

4.

Teaching what a tool will and will not do

5.

Precautions required when using a tool

Woodworking
The following suggestions will aid in the teaching of
woodworking:
1.

The concept of being "square"

2.

An organized system of doing woodwork, progressing
from work on one flat and square surface to
making another the same

3.

Methods for cutting material to size and down to
desired dimension

4.

Shaping and smoothing curves and cutting compound
curves

Finishing of Wood
A comprehensive outline is offered for wood finishing:
1.

Preparation of wood for finish
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2.

3.

4.

a.

Surface texture to desired make-up

b.

Treatment of nicks and scratches

c.

Raising dents and depressions

d.

Filling and hiding blemishes

e.

Preparation of grain of wood

Kinds of finishes
a.

Sealers

b.

Stains

C •

Penetrating finishes (oil finishes)

d.

Bleaching

e.

Natural finishes

f.

Synthetic and manmade finishes

g.

Thinners and vehicles

h.

Pigmented finishes (color)

Methods for applying finish--rags, rollers, dip
tanks, brushes and spray guns
a.

Techniques and appropriate use

b.

Methods for care and cleaning equipment

Smoothing and rubbing the finish
a.

Fine abrasive papers and steel wool

b.

Prepared abrasive powders and compounds

c.

Wax
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Wood Pattern Making
Of all the industries engaged in the working of
wood, pattern making possible requires the greatest skill
and precision work.

Although it is conceivable that

students inexperienced in woodworking could be taught some
pattern making, it is most likely that it would be taught
as an advanced subject.

The wood pattern making material

presented here is offered on the assumption that those who
will use it have some skill and competency in woodworking.
1.

Base of woodworking skills needed in pattern making
a.

Reading and producing sketches and working
drawings accurately

b.

Becoming familiar with lines, arcs, curves,
circles and geometric shapes and being
able to use layout tools to lay these out

c.

Ability to perform all work with safety

d.

Competency in sharpening, maintaining and
using basic hand tools

e.

Setting up and performing most cutting
operations on the table saw, jointer,
band saw, surfacer, sanding machines,
router and drill press

f.

Becoming thoroughly familiar with all
aspects and considerations with work on
a wood lathe

g.

Generally having skill and competency in
working with wood

41
2.

3.

Selection of patterns and core boxes
a.

Simple solid pattern

b.

Simple split pattern

c.

Built-up patterns

d.

Box patterns

e.

Recessed patterns

f.

Parted spindle core print pattern

g.

Irregular parting line pattern

h.

Flanged patterns

i.

Wheel patterns

j.

Pulley patterns

k.

Segmented parts pattern

1.

Matched plate

m.

Dump core box

n.

Parted core box

o.

Stripped core box

p.

Plaster of Paris core box

Pattern making--general information
a.

Definition and examples of patterns, cores
and core boxes

b.

Familiarity with molding process and work

c.

Draft on a pattern

42

4.

d.

Shrinkage and finish allowances

e.

Finish and color code of patterns and core
boxes

Pattern making
a.

Selection of wood and layout utilizing
direction of grain to increase stability
of wood and pattern

b.

Arrangement of wood pieces for gluing and
glue and dowel pins

c.

Special fasteners and dowel pins for pattern
making

d.

Templates, Jigs and gauges used in layout
and construction of patterns

e.

Special pattern maker's tools and cutting
tools

f.

Fillets and filleting irons, installing
fillets

g.

Devices for lifting patterns

h.

Core prints--planning and layout

i.

Layout, cut and install flanges, bosses,
lugs, brackets, branches

j.

Layout, cut and construct segmented portions
of patterns

Construction--Single Unit Residential
In order to avoid the impossibility of building a
house in the school shop, several methods are used in teaching
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construction.

Small structures are built in such a manner

that they can be disassembled in sections and removed from
the shop.

Segments or sections of structures can be built

which contain most construction features of a building.

A

third method is by building scale models of full-sized buildings.

Technical instruction can be based on the following

enumeration of phases of construction:
1.

2.

Building trades and industry
a.

Occupations, trades and craftsmen

b.

Unions and regulations governing workers

c.

Building codes

d.

Building inspections and permits

e.

Obtaining financing and managing cash flow

Blue print reading, building planning and preparation
a.

Foundation materials, drawings, footings
and grade level

b.

Floor plans, building dimensions and
architectural symbols

c.

Elevations and section views of details of
construction

d.

Plumbing and electrical layout drawings and
symbols

e.

Written building specifications and material
schedules
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3.

4.

5.

f.

Cost estimating

g.

Locating structure and constructing batter
boards

h.

Systematic method of completing work with
least amount of lost time, materials and
efficiency

Foundations and footings
a.

Code requirements

b.

Thickness of foundation and footings

c.

Concrete forms and their construction

d.

Foundation coatings and anchor bolts

Floor framing
a.

Sill construction

b.

Beams and post--span limitations and layout

c.

Loan and span limits of joists

d.

Layout and nailing in joists

e.

Openings in floors and headers

f.

Bridging

g.

Layout and installation of subflooring

Wall framing
a.

Layout sole plate, top plate, corners, and
wall openings

b.

Cut studs, cripples and headers to length

c.

Layout and nail corners, studs and wall openings
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6.

7.

8.

d.

Raise walls and nail to floor joists

e.

Layout, cut and nail cap plate

f.

Install exterior sheathing

g.

Cut ceiling joists for length and roof slope

h.

Nail joists into place

Roof construction
a.

Layout and cut common rafters

b.

Raise common rafters with ridge board

c.

Layout, cut and nail hips and valleys

d.

Raise trusses and nail in place

e.

Install sheathing

f.

Roofing materials--installation of roofing
materials, flashing, gutters and downspouts

Plumbing and electrical
a.

Code requirements

b.

Layout and installation of plumbing lines,
drain lines and vents

c.

Installation of water tank, sinks, basins,
tub and shower

d.

Installation of breaker panel and service

e.

Layout and installation of wiring, light
and service outlets, dryer, range, and
heating

Brick work--chimneys and fireplaces
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9.

10.

11.

Interior wall finish
a.

Insulation and installation of insulation

b.

Cut and nail in plasterboard

c.

Tape and smooth plasterboard

d.

Paint panel and wallpaper interior walls

e.

Lay flooring and floor covering

Finish carpenter work
a.

Install door jambs, doors, and casings

b.

Install windows, sills, and casings

c.

Cut and install base and closet woodwork

d.

Install kitchen cabinets and kitchen woodwork

e.

Install bath woodwork

f.

Construct interior stairways

Exterior finish work
a.

Put up moisture barrier and brick molding

b.

Kinds of siding and installation of siding

c.

Soffits and soffit vents

d.

Apply exterior finish to siding material

e.

Build or pour concrete porch steps and sidewalks
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II.

DRAFTING

Drawing Emphasis
"Drawing should have character!"
so no one can misread it.

It should be done

The following sequence may be

followed to point the way:
1.

Line quality

2.

Figures, dimensions and arrowheads

3.

Accuracy

4.

Neatness

Drafting~ Part of Social Structure
Integration of drafting into the social structure
can be made clear by expansion of the ideas below:
1.

Drafting is a symbolic language

2.

Social significance, contribution and dependency
on drafting

3.

Historical development of drafting

4.

Occupations employing drafting skills

S.

Required preparation for employment in drafting
occupations

6.

Drafting knowledge related to other occupations

7.

Non occupational uses for drafting skills
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Materials and Tools and Their Care and Maintenance
As in any other field, knowledge of the materials
and tools employed in drafting is essential to ease and
efficiency of execution.

Utilization of the following

suggestions will help to open that door to the student:
1.

Pencils, the full range of lead weights, are
"tools"!

2.

Kinds of papers in common use

3.

Standard tools:
board

4.

Scales:

5.

Erasers and eraser shield

6.

Drawing instrument sets

7.

Curves

8.

Templates

9.

Drafting instruments

"T" square, triangles, drawing

engineers' and architects'

Lettering--Styles of Lettering
The single stroke system of lettering is considered
in the following outline:
1.

Order and direction of strokes

2.

Proportion and form of letters

3.

Space between letters and words
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4.

Fractions and decimal numbers

5.

Guide lines, space between lines

6.

Lettering templates

7.

Lettering sets

Geometric Construction
This area of the study concerns geometric construction involving the application of:
1.

Points

2.

Lines

3.

Planes

4.

Angles

5.

Curved surfaces and lines

6.

Arcs

7.

Tangents

8.

Geometric shapes

Sketching
Again a comprehensive understanding of the importance of the proper use of materials, tools and techniques
of sketching can be imparted by following the steps below:
1.

Paper, pencils, and eraser

2.

Techniques for sketching horizontal, vertical and
diagonal lines
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3.

Techniques for sketching circles, arcs and ellipses

4.

Sketching in proportion and symmetry

5.

Pictorial sketching--isometric, perspective

Graphic Presentation of an Object
A grasp of the art of graphic presentation may be
offered by elaboration ori the points of the following
outline:
1.

One-view drawing:

2.

Two-view drawing:

3.

example--gasket

a.

Hidden lines--hidden features

b.

Center lines and centers of arcs, circles
and holes

Multi-view drawing:
a.

b.

Orthographic projection--third angle:
1)

Theory of projection

2)

Selecting best possible views to
represent object

3)

Locating drawing on paper

4)

Techniques for expediting drawing

5)

Special problems--revolutions,
conventions, partial views

6)

Special aids in visualization

Sectioning:
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4.

6.

Graphically cutting object to better
reveal internal structure or parts
detail

2)

Cutting plane line and "crosshatch"

3)

Full section, half section, revolved,
offset sections and others

Auxiliary views:
a.

5.

1)

Function and classification of auxiliary
views

Revolutions:
a.

Revolutions about a horizontal axis
perpendicular to a frontal plane

b.

Revolutions about a vertical axis

c.

Revolutions about a horizontal axis
perpendicular to the profile plane

Pictorial drawings:
a.

b.

Isometric projection (equal measure):
1)

Definition and techniques for drawing

2)

Special problems and hidden lines,
center lines, circles

3)

Extension and dimension lines and
dimensioning

4)

Planning location on paper

Oblique projection:
1)

Cabinet drawing

2)

Cavalier drawing
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3)
7.

8.

Scale drawings:
a.

Definition and use of scale drawings

b.

How to use a scale

Decimal engineering drawings:
a.

9.

Perspective drawing

Practice in working in tenths rather than
fractions

Developments and intersections

10.

Working drawings

11.

Assembly drawings:
a.

12.

Loose parts or drawings of parts-assembled on paper

Production illustration:
a.

Showing how something is assembled

13.

Gear drawings

14.

Cam drawings

Dimensioning
Elucidation of the purpose and theory of dimensioning (size description) can be furthered by the following:
1.

Dimension lines:
a.

Line weight

b.

Space from object and each other
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2.

3.

4.

5.

6.

c.

Order in location to add to clarity in
reading

d.

Location to avoid hunting and confusion

e.

Dimensions on the view or to hidden lines

Extension lines:
a.

Line weight

b.

Distance from object

c.

Crossing each other and dimension lines

Center lines:
a.

Line weight and character (two dashes)

b.

Length

c.

Used as extension lines and rules regarding use

Arrowheads :
a.

Length, size and shape

b.

Point of touch

Dimensioning problems which require special
consideration:
a.

Angles

b.

Arch

c.

Diameters of circles and concentric circles

d.

Locations of holes

Leaders:
a.

Line weight and length
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7.

b.

Terminated by arrowhead or dot

c.

Shoulder optional

Notes:
a.

General notes located on lower right-hand
of paper

b.

Local notes--placed horizontal in uncrowded
place not between views

Industrial Design and Problem-Solving Methodology
A study of industrial design and problem-solving
methodology can be facilitated by use of the following
outline of course content:
1.

Analysis of the design objective
a.

The need or problem

b.

Function of the solution of problem

c.

Form--serve purpose and adapt to man

d.

Aesthetic considerations:
1)

Line

2)

Shape

3)

Color

4)

Unity

5)

Balance

6)

Contrast
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7)

Rhythm

e.

Structural strength requirements

f.

Appropriate and best selection of materials

g.

Contractability:
1)

Tools

2)

Machines

3)

Industrial processes required for
construction

4)

Considerations on how easiest and
best to construct

h.

Working drawings, models and prototypes

i.

Skills required for production

j.

Ongoing process developing new products
and improving old ones

k.

Graphic presentation

Architectural Drafting
1.

2.

Lettering:
a.

Styles for architecture

b.

Creative individual styles

Site plan:
a.

Street system with rights of way, easements,
drives, walks, pools, gardens, and any
other permanent improvement
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3.

4.

b.

Identifying lot and surrounding lots by lot
and block numbers, boundary lines, dimension and azimuth angles

c.

Property line dimensions and setback
specifications from property lines and
streets in conformity with building codes

d.

Locating all public utilities

e.

Establishing contour lines with general
elevations for each

f.

Locating and showing local datum level

g.

Establishing north point

Plot plan:
a.

Location and dimension of all boundary
lines; all dimensions given in feet and
decimal parts of a foot

b.

Identifying azimuth angle readings and
indicating compass direction and local
datum level

c.

Locating building on plot including roof
overhang

d.

Giving dimensions of building in feet and
inches

e.

Stating grade level and finished floor level
for the house

f.

Indicating scale used

g.

Locating all utilities

h.

Showing all important special features

Floor plan should include:
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a.

Outside walls

b.

Inside partition walls

c.

Closet space

d.

Special entry space considerations

e.

Fireplace and hearth size

f.

Dimensions complete

g.

Identity of all rooms by name

h.

Bath--cabinets, fixtures and facilities

i.

Kitchen--cabinets, fixtures and facilities

j.

Locating space for utilities--washer, dryer,
hotwater tank and furnace if one included

k.

Locating doors and windows with schedule

1.

Electric service

m.

Showing direction of floor joists

n.

Any other considerations necessary to make a
drawing complete

S.

Elevations

6.

One-unit building construction:
a.

Types of construction:
1)

Standard

2)

Conventional

3)

Post and beam

4)

Concrete slab
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5)

Concrete block

b.

Box or solid sill

c.

Wall construction (frame wall)

d.

Window and door openings--windows and doors

e.

Foundations, footings and drainage

f.

Roofs:
1)

Pitch

2)

Rafters

3)

Trusses

4)

Roofing materials

5)

Valleys and gutters

g.

Kinds of roofs

h.

Sheathing and moisture barriers

i.

Exterior siding

j.

Interior walls (plaster, plasterboard) and
surface finish

k.

Fireplaces, chimneys and bricks

1.

Written specifications for building and materials

m.

Schedules for all materials, including
hardware

n.

Calculation of cost

o.

FHA and Uniform Building Code and local
building codes
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p.
7.

Architectural symbols in drafting

Sections of special construction details:
a.

Stairs--jacks, treads and risers

b.

Cornice or valley construction details

c.

Foundation or some special complicated part
of construction

8.

Kitchen cupboard and cabinets

9.

Electrical:

10.

a.

Electrical symbols

b.

Service overhead or buried

c.

Distribution panel and main switch

d.

Lighting outlets and control switches

e.

Duplex convenience outlets

f.

Special purpose outlets:
1)

Electric heat

2)

Range

3)

Dryer

4)

Hot water tank

Plumbing:
a.

Plumbing symbols

b.

Plumbing codes

c.

Plumbing schematic layout
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11.

d.

Water supply

e.

Sewage connections, drains and vent lines

Heating and air conditioning:
a.

Kinds of equipment

b.

Architectural requirements for installation
III.

METALWORKING

Metalworking Industries and Occupational Opportunities
Knowledge of the occupational opportunities in
metalworking industries doubtless motivates students to
sign up for the course, so the material below is offered
to enhance this knowledge and increase interest in the
field.
1.

Identification of metalworking industries and
trades

2.

Kinds of industry production or job shop

3.

Working conditions

4.

Wages, job security, and benefits

5.

Required preparation for entry into trade

6.

Apprenticeships and on-the-job training

7.

Opportunities for advancement

8.

Shop practices and procedures
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9.

Special licenses and certification tests required

Ferrous Metals Materials
With the background material above as a base, the
study is broken down to cover ferrous and then nonferrous
metals.

The following outline for ferrous metals can be

expanded as desired:
1.

Definition of iron and steel

2.

Carbon content of steel

3.

Steel production methods

4.

Raw materials for steel production

5.

Formation of steel into usable shapes

6.

Steel--bar, stock, angles, channels, beams, sheet,
plate, and coatings: tin and galvanized

7.

Steel alloys and their properties

8.

Malleability and ductility

9.

Cold roll steel--definition and sample

Nonferrous Metals
This section on nonferrous metals is also flexible
for the convenience of presentation of the course.
1.

Identification of commercially prevalent and
useful metals

2.

Materials from which metals are derived

62
3.

Processes for extracting metal from ore

4.

Properties and advantages of each

5.

Alloys of metals

6.

Corrosion, internal and external

7.

Special problems in working with nonferrous metals

Metallurgy
The study of metallurgy logically ties together the
two studies above.
1.

Grain structure of ferrous metals

2.

Heat treating--tempering, hardening and annealing
ferrous metals

3.

Work hardening

4.

Selecting appropriate material and heat treatment
for job or product requirements

5.

Hardness testing and optical inspection of grain
structure

6.

Spark testing for carbon content of ferrous metals

7.

Structural strength and properties of nonferrous
metals

8.

Anneal work hardened nonferrous metals

Industrial Design and Manufacturing
The course content covering industrial design and
manufacturing is given in detail in the sections titled

63

"Industrial Design and Problem-Solving" and "Inception of
Industry and Manufacturing" on pages 54 and 76, respectively.
Graphic Construction and Presentation of Product
The practical application of this part of the study
is the actual construction and presentation of the product
carrying the process through from sketching to the finished
article:
1.

Sketching--materials and equipment

2.

Techniques for sketching horizontal, vertical and
disgonal lines, also circles, arcs and ellipses

3.

Working drawings: ability to read drawings and
having at least rudimentary skills in presenting
products or objects complete graphically, all
dimensions and necessary information included

4.

Understanding the principles and being able to
make pattern developments and intersections

Planning and Performing Work
Efficient performance of work follows proper planning
as set forth below:
1.

Listing all materials required to complete product

2.

Listing all materials which will require cutting
from stock

3.

Calculating cost of materials for construction

4.

Organizing work or production processes to follow
each other systematically
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5.

Importance of doing work effectively and efficiently

6.

Importance of completing one process or step
decisively before going on to another

7.

Thinking, planning, and recording the list of
procedural steps in order of performance
necessary to produce a desired product

Measurement and Layout of Work with Appropriate Tools
"A good beginning is half the job done," and the
measurement and layout of work, using the proper tools for
each operation in its proper sequence, lays the foundation
for a successful finish.

The following suggestions are of-

fered to that end:
1.

Measurement and location of lines with rule, center
head, combination square and scribe

2.

Location of center points with punch, dividers,
trammel points, and surface gauge

3.

Measurement of holes, diameters and thickness with
calipers

4.

Use of layout dye

s.

How to read decimals of inches

6.

How to read and use a micrometer

Drills, Cutters and Cutting Tools
Detailed knowledge of tools, such as drills, cutters
and cutting tools, necessary for metalworking operations may
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be imparted as follows:
1.

Kinds, parts, and special features of design of
the tool, material content

2.

Sizes, range of sizes, designation of sizes

3.

Knowing the difference between a sharp and a dull
tool and how a dull tool acts when in cutting
operation

4.

How to sharpen and hone the tool

5.

Speed with which tool can safely do its work

6.

The meaning of speed and feed

7.

How to calculate for speed and feed

8.

Kinds and use of coolants and lubricants

9.

Employment of most effective methods for using a
tool

10.

Special characteristics and precautions peculiar
to each tool

11.

Class of finish a cutting tool will make

Threads and Threading Tools
Instruction on threads and threading tools may be
broken down as follows:
1.

Kinds and sizes of threads and thread standards

2.

Characteristics, parts and diameters of threaded

3.

Threading dies, their correct use, care, adjustment and lubrication
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4.

Taps--kinds, sizes, correct methods for use, care
and lubrication

Hand Sawing, Filing and Polishing of Metal
For workmanlike production, knowledge of hand
sawing, filing and polishing of metal is essential and may
be taught in the following sequence:
1.

Hand saw frames and selection of saw blades

2.

Selection of files by length, shape, and coarseness and cut of teeth

3.

Correct use and care of each tool through the
range of work it can do

4.

Ways tools are most commonly abused and the
results

5.

Most reliable way to hold material being cut or
worked

6.

Methods for smoothing surface of metal

7.

Natural, manmade and prepared abrasives--the
selection and use

8.

Class of surface finish

9.

Rouges and buffing

Power Machine Metalworking
The safety factor cannot be too thoroughly stressed
in instruction on power machine metalworking, for that
reason it heads the list of suggestions for this phase of

67

the study:
1.

Safety in operation~

2.

Parts of the machine and how it works

3.

Adjustment of speed of machine

4.

Installation of working part of machine and
hazards of installation

5.

Adjustments of machine (orcutting speed) required
for effective work and safety

6.

Care and lubrication of machine

7.

Correct way to control and work material with
machine, and wide variety of possible products

8.

Incorrect ways to use and thus abuse machine and
the resulting hazards involved

9.

Need for eye protection

10.

Methods of holding material in machine--jigs,
clamps

11.

Machining parts to "fit"

Engine Lathe
Instruction on the engine lathe is given in considerable detail below and may be expanded further if desired.
1.

Parts of the machine and size--size of work which
can be done on the lathe

2.

Care, lubrication and maintenance

3.

Adjustment of speed of machine and back gears
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4.

Adjustment of alignment and check of accuracy of
work of machine

5.

Ways material can be held in or on machine: 3- and
4-jaw chuck, between centers, bolted to face
plate, collets, mounted on carriage

6.

Methods of centering and checking alignment of
material chucked in a lathe to insure safe,
trouble-free operation

7.

Operations which can be performed: turning,
facing, threading, knurling, drilling and boring

8.

Additional attachments: tool post grinder, steady
rests, taper-cutting attachment

9.

Grinding and honing lathe cutters for the work to
be done and holding tools in lathe

10.

Turning tapers by: turning compound rest, offsetting tailstock, with taper attachment

11.

Filing, taping, and using the lathe for special
work tasks

12.

Coolants and lubricants in lathe operations

13.

Finish on work done in lathe

14.

Automatic feed adjustment and operation

Fabrication of Metal Stock and Plate
A further extension of the study of metalworking is
instruction on fabrication of metal stock and plate, which
is outlined in detail below:
1.

Safe practices in handling metal stock with
emphasis on hazards due to weight, length,
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and sharp or burred edges
2.

Planning systematic approach to making and
assembling parts

3.

Layout of parts, planning use of materials

4.

Cutting needed material from stock

5.

Cold bending of parts--advantages and disadvantages

6.

Use of vises, hammers, wrenches and special
machines in bending

7.

Hot bending of metal--why and its effects

8.

Methods and problems in bending tubing and pipe

9.

Hardware used in fastening and holding metal
parts: bolts, capscrews, set screws, keys,
pins, rivets

10.

Finishing production of each fabrication piece
before assembling

11.

Preassembly and check of fit of parts

12.

Welding parts together in assembly

13.

Special jigs and clamps to hold parts for welding

14.

Cleaning and smoothing of welded parts

15.

Drilling holes and taping holes

Sheet Metal
The extent of use of the following items regarding
instruction in sheet metal will, of course, be at the
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teacher's discretion:
1.

Pattern development methods and principles:
parallel line, radial line and triangulation
methods

2.

Kinds and designation of sheet metal--measurement
of gauge of metal

3.

Transfer pattern to sheet metal, use of layout tools
and marking with punch and awls

4.

Shearing and cutting out sheet metal parts-variety of special snips and shears

5.

Deburring and folded edges

6.

Seams and folded edges:
methods of forming

7.

Turning and burring machines and wire edges

8.

Roll forming

9.

Folding machines, brakes and fold forming

kinds, advantages and

10.

Hand forming, stakes, hammers, hand grooving and
setting

11.

For welding, soldering and spot welding see more
detailed descriptions on pages 71-74.

12.

Fasteners, rivets, drilling appropriate holes,
rivet sets and riveting

Acetylene Gas Welding
Again, safety is of prime importance in acetylene
gas welding, so a thorough knowledge of the tools and
proper operation thereof is imperative.
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1.

Properties and precautions in handling oxygen and
acetylene gases

2.

Basic operation of equipment regulators and valves

3.

Care in the handling of regulators and valves

4.

Care and cleaning of welding and cutting tips

5.

Procedure for setting up and turning on equipment
in preparation for work

6.

Extinguishing procedure and bleeding lines

7.

Lighting torch and adjusting gas flow

8.

Distinguishing natural flame from oxidizing or
carbonizing flame

9.

Cleaning and preparation of metal parts to be
welded

10.

Identification of metals to be welded

11.

Identification and selection of welding rod,
brazing rod and flux

12.

Installation and adjustment of cutting tip for
flame-cutting steel and iron

13.

Methods of controlling flame-cutting operation

14.

Welding in various positions

!if.s.. Welding

The intricacies of the instruction on arc welding
are set forth in some detail as follows:
1.

Identification of kinds:

AC, DC and inert gas
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2.

Advantages of each of the above

3.

Hazardous conditions which may be injurious to
health

4.

Heat of the welding operation and effects of that
heat

S.

Adjustment and selection of best amperage for rod
and material being welded

6.

Effects of changing voltage and polarity in DC
welding

7.

Electrodes--sizes, material, flux coatings and
applications

8.

Striking an arc

9.

Maintaining an arc and running a bead

10.

Proper weld shape and pattern

11.

Preheating, warping, and cracking

12.

Tacking

13.

Cleaning in preparation for welding

14.

Cleaning and grinding of finished weld or for
making additional passes

15.

Positioning and clamping pieces to be welded

16.

Welding in flat, vertical and overhead positions

17.

Running multiple beads and filling

Inert Gas !$..s_ Welding
With the background of instruction on other types
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of welding outlined above, suggestions for inert gas arc
welding are limited to:
1.

How to set up and adjust machine correctly

2.

Adjusting gas regulator to recommended p.s.i.

3.

Selecting filler rod

4.

Starting and stopping arc

5.

Preparation of metal for welding

6.

Identification of metal and possibility of
welding

7.

How to strike an arc

Soldering
As above, the scope of course content for soldering
offered here is based on the preceding instruction basic to
all forms:
1.

Kinds and properties of solders and soldering

2.

Fluxes used in soldering

3.

Preparation of metal to be soldered

4.

Preparation for heating and soldering with a
soldering copper

5.

Soldering with a torch

6.

Capillary action of solder
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Resistance Spot Welding
1.

Adjustment of machine

2.

Techniques for holding metal to be spot welded

Forging Hot Metal with Hand Tools
1.

Hand tools: hammers, tongs, hardy, punches,
swages, sledge hammer and ruler

2.

Anvil parts and work areas

3.

Gas forge operation

4.

Coke forge:

S.

Heating metal to correct temperature for forging

6.

Planning forging work

7.

Techniques in forging metal to desired shapes
with hand tools

fire building and use

Foundry
1.

Theory of molding and casting

2.

Kinds of casting:

3.

Pattern making, see wood pattern making, page 40

4.

Cores:

S.

Preparation and care of sand in sand casting

6.

Equipment for molding: flash, molding board,
riddle, strike off bar, sprue pins, gate cutter
spoons and Benton needle

sand, investment, die, shell

core boxes and core preparation
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7.

Planning molding process

8.

Steps of molding process and correct preparation,
formation of the mold

9.

Planning and cutting gates and risers

10.

Safe preparation of mold for pouring

11.

Safety always in foundry work

12.

Crucibles, foundry furnace and operation

13.

Preparation of metal for furnace

14.

Melting and pouring temperatures, care and fluxing
of molten metal

15.

Cooling time and shrinkage

16.

Inspection and cleaning of casting

Metal Finish
1.

Preparation of metal product: grinding, buffing,
cleaning of surface and blemishes

2.

Spray painting equipment and correct operation

3.

Primer coats and finish paint surfaces

4.

Hot dip metal finishes

5.

Electroplating
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IV.

INCEPTION OF INDUSTRY AND MANUFACTURING

The material for this section was gathered and is
presented here from the point of view of increasing the
value of materials through production processes and related
activity.

Emphasis may be altered on some of the points

and therefore be adapted to other phases of industry as
well.
Research and Development
1.

Visualizing the need, the demand for new, or
improving of existing, products

2.

Effects and possibilities created by new materials,
processes and technology

3.

Extending man's ability to do work

4.

Providing greater facility and comfort in human
existence

5.

Circumvention of the need or demand in terms of
material, functional and visual requirements

6.

Creative experimentation with research ideas

7.

Standards or patents which might be involved

Planning and Design Function
1.

Refer to page 54, "Product and Industrial Design"
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2.

Simplification of design for economy in production
and manufacture

3.

Standardization of parts to reduce amount of
tooling and production inventory

4.

Development of models and prototypes

5.

Design of patterns and jigs for accurate, rapid
production and duplication of parts

6.

Subassemblies and component parts

Administering and Managing Industry
1.

Competitive free enterprise--what a profit is and
what can be done with it

2.

Types of business ownership

3.

Planning organizational structure

4.

Responsibilities and function of top management
personnel; comptrollers; purchasing, personnel,
sales, cost and time accounting; production and
plant management

5.

Financing: types of financing, interest rates,
business and corporate taxes and insurance,
cash flow

6.

Facilities acquisition and plant organization and
layout

7.

Production, job planning and production flow

8.

Storage and inventory handling

9.

Quality control, inspection and testing
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10.

Material acquisition

11.

Subcontracting

V.

SUMMARY

An extensive comprehensive search in the curriculum
guides and other published source for constructing courses
in Industrial Arts subjects indicated the following
limitations.

(1) course content in specific areas was

general and minimal in detail; (2) the material often
developed or focused a specific philosophy or limited goal
promoted by the publisher; (3) information in some areas
was non-existent or in others not readily available.

Prob-

ably because of these limitations the largest percentage of
teachers prepare their own guide. (30:16)

One of the pur-

poses of the study was to provide a more comprehensive source
of specific course content materials for teacher use.
This Chapter then contains a synthesis of (1) printed
curriculum guides and other printed material; (2) information
from interviews with teachers; (3) information from professionals in fields of metallurgy, engineering, architecture,
business and business management (4) this writer's experience and information.
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This information was divided into three subjects,
woodworking, drafting, and metalworking; and further divided
into divisions and subtopics for clarity and direction.

In

some cases subtopics can be in each of the three subject areas;
therefore, these materials were compiled in one section and
cross-referenced in the others.

The order of presentation

of divisions and subtopics were not intended to give preference to any topic, nor give direction as to what topic should
be presented before proceeding to the next.
The synthesis of information in this chapter is a
comprehensive reference for teaching woodworking, drafting,
and metalworking in Industrial Arts, and was intended to
assist teachers in preparing and/or improving programs.
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CHAPTER V.
LIMITATIONS AND RECOMMENDATIONS
I.

LIMITATIONS

This study has a number of limitations:

(1) although

the search for content materials has been extensive, it
undoubtedly has not been exhaustive, that is, teacher information was solicited from a limited sample and curriculum
guides may be in the process of preparation; (2) the course
content material is presented for reference and is in no way
intended to represent the ideal program in Industrial Arts;
and (3) appearance of information in printed materials and/or
in practice are not evidence of the most effective and useful practice and information.
11.

CONCLUSION

The course content of the fourth chapter is presented
in as much detail as specific content was available.

Often

information was found to be "how to do specific things" or
detailed steps regarding something and proved very repetitious.

To avoid needless repetition all possible
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consolidation was effected.

It is conceivable that material

of this chapter is not as extensive or as specific as might
be desired.

It is not that there is a lack of ideas or

suggestions for course material.

The American Vocational

Association has published a notable list of suggestions.
One of these is that the "teacher can and should develop his
own course of study and teaching units" (2:47).

This, each

teacher is trying to do, but pertinent information on some
subjects is either non-existent or hard to find.

It might

also be argued that for each teacher, in order to be fully
informed, to search out, from the American Vocational Association offering, information on only those topics related
to his situation is needless repetition and an unrealistic
task.

The fact that the need for change in industrial arts

is a popular topic is evidence of this.

Many if not all

teachers would like to improve their courses of study.

To

do so along suggested directions, they need and should have
assistance in specific subject content.
III.

RECOMMENDATIONS FOR FURTHER STUDY

Changes in methods and course content have been
topics of concern in all of the Industrial Arts Literature,
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and it is apparent that this process of change must be
implemented and encouraged on other levels.
some of the things needed are:

For instance,

A clear description of

minimum design standards for physical facilities; a
description of program limitations given certain facilities;
detailed suggestions for increasing and improving use and
management of facilities and teaching programs; researched
ideas for the presentation of some difficult areas of
teaching content, such as design, metallurgy, advances in
methodology and technology; a description of teaching
techniques that will make concepts applicable and viable
in the real-life experience of the students.
Perhaps future studies may deal with all of these
topics.

It is hoped that this study will be the kind of

guide to curriculum that will help bring about some of
these needed changes and that it will free teachers to
spend more time improving the process of teaching.
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